Objective: To study the socio-economic differences in height and body mass index (BMI) in urban areas of Karachi. Design: A comparative study was undertaken to compare the heights and BMIs of adults and children belonging to three distinctively different income groups living in urban areas of Karachi. Setting: Data was collected from families living in small, medium and large houses located in the authorised urban residential areas of Karachi. Subjects: A total of 600 families, 200 from each income group, were included in the study. Anthropometric measurements of 1296 females and 1197 males of different ages were taken. Methods: All the housewives were interviewed to collect socio-demographic information. Height and weight of all the available family members were measured. In order to determine the socio-economic difference in height status, the mean height in cm of adults was compared. For children (2 ± 17 y) means of height-for-age Z-scores determined on the basis of NCHS reference values were compared. For studying the weight status the BMI of all the respondents was calculated and they were grouped into categories of under-, normal or overweight according to the NCHS recommended cut-off points. For adult men and women BMI values`18.5 kgam 2 indicated underweight and b 25 kgam 2 indicated overweight. Among children, those having BMI values below the 5th percentile of the NHANES III reference values were categorised as underweight and those above the 95th percentile were termed overweight. Results: Height status improved with income level among adults and children of both sexes. Among males the difference in weight status was signi®cant only among 2 to 18-y-olds (P`0.05 in each case). The rate of overweight among 2 to 18-y-old males was signi®cantly higher (P 0.004) at the middle-income level (15%) as compared to low or high income. The rate of underweight was signi®cantly higher (P 0.025) at the low-income level among 2 to 18-y-old males (31%, 21% and 22% at low-, middle-and high-income levels, respectively). Among females, rates of underweight were not signi®cantly different at any age. Rates of overweight increased signi®cantly (P 0.048) with income level among 41 to 60-y-old women (38%, 53% and 60% at low-, middleand high-income levels, respectively). Conclusion: Chronic undernutrition as indicated by de®cit in height decreased with increasing income level. Socio-economic differences in weight status were not uniform among various age ± sex groups. The in¯uence of increasing af¯uence is likely to be seen both in the form of increased obesity among older females and underweight among children. Differing patterns of association between income and weight status among male and female children need to studied further with more accurate birth records, so as to further clarify the situation. In terms of prevention of nutrition-related disorders both problems of under-and over-nutrition need to be addressed. Sponsorship: Financial support for this project was provided by ISFE, Switzerland.
Introduction
In developing countries urbanisation is now increasing rapidly (WRI, 1998) , and the cities are found to manifest the problems of under-and overnutrition simultaneously (Solomons & Gross, 1995) . There is considerable heterogeneity in poverty, morbidity, mortality and nutritional status in urban areas, with often enormous differentials between poor and the middle-to high-income parts of a particular city. Major socio-economic differentials in child health and mortality have been reported within the urban sector of Ghana (Rikimaru et al, 1998) , Guatemala (Engle, 1993) , Ethiopia (Getaneh et al, 1998) , Brazil (Gross & Monterio, 1989) , Nepal (Martorell et al, 1984) , Malawi (Quinn et al, 1995) , Bangladesh (Ahmed et al, 1991; Quinn et al, 1995) and Saudi Arabia (Serenius & Swailem, 1988) .
The patterns of within-urban differences vary between countries according to the overall degree of national development and the particular history of urban development. Excess weight appears ®rst among the af¯uent and then among low-income classes including young children and teenagers (Delpeuch & Maire, 1997) . In the developed countries, the burden of obesity and chronic diseases has been found to shift towards the urban poor (Marmot, 1996) . Even within developing countries, the association between income and prevalence of overnutrition-related disorders can be different in societies at differing stages of transition. Body mass index (BMI) is positively associated with income and education in Asia but not in Latin America (INCLEN, 1996) . Pattern of association between certain nutritional disorders and income level within a society thus could be an indication of stage of nutrition transition.
It appears that, during the process of urbanisation and associated nutrition transition, societies pass through a span where both under-and overnutrition-related problems occur simultaneously. The length of this stage is probably determined by the society's adaptation to a new lifestyle through behavioral change and allocation of nutritional resources at the community and the household level. Currently, in many developing countries, urban populations are suffering from the worst of both worlds: the effect of undernutrition with its greatest impact on infants, children and women of child-bearing age, and excessive nutrition creating a variety of chronic health conditions in middleaged and older adults (Posner et al, 1994; Popkin, 1994; Popkin et al, 1995 Popkin et al, , 1996 . However, it is also not clear whether the pattern of risk is the same in all urban areas. For example, in Brazil, there are some indications that deterioration of nutritional status (degree of wasting) in low-income families due to food restriction during economic crises occurs particularly in older children and physically highly active adults, and less in infants (Gross & Monterio 1989) .
The existing evidence suggests that the urban society and the associated nutritional problems are too heterogeneous to allow generalisations. The need to identify risk groups, and to identify the causes of their particular problems within speci®c urban communities has been mentioned by many researchers (Gross & Monterio, 1989; Solomons & Gross, 1987; Atkinson, 1992; Pellet, 1981; INCLEN, 1996) . In developing countries where the problem of undernutrition is customarily given attention, the focus of attention now needs to encompass overnutrition-related problems also. Accordingly, along with the nutrition situation of the lowest income groups, the prevalence of malnutrition also needs to be assessed among middle-and high-income groups. In Pakistan, the few researches done to assess the nutrition situation focus more either on rural populations or urban slum dwellers. For example, according to a MEDLINE search for nutrition and health in Karachi, from 1966 to 2000, eight articles report work in slums while only two mention middleincome urban populations. Therefore this study aims at exploring the association between income and nutritional status in urban areas of Karachi, and focuses on the socio-economic differences in anthropometrically assessed nutritional status of non-slum-dweller, urban residents of Karachi. Karachi is the biggest metropolis of Pakistan. The presence of socio-economic differences has been indicated by a few studies (Akram & Agboatwala, 1991; Fikree et al, 1994; Arif et al, 1998) . The results of these studies point out the likelihood of better height status of individuals from the higher income groups.
Methods

Sampling
Karachi has 1 436 373 households in the urban areas of its ®ve districts (PCO-GoPa, 1998a, b) . Administrative subdivisions within the district, the area under the jurisdiction of one police station called`muhalla' in local language, are referred to as`localities' here. The area of the districts and number of localities within the districts vary. The proportion of different-sized plots is different in various localities.
Within each district there are pockets of slum dwellers who are migrants from both near and remote rural areas of various provinces of Pakistan and often stay in Karachi for part of the year. A considerable proportion of these slum dwellers are also illegal migrants from other countries. Each slum has migrants from only one or two speci®c areas. Collectively, in the whole of the city, scores of cultural subgroups can be identi®ed. At similar ®nancial status the various slum dwellers are estimated to be markedly different from those living in authorised residential areas in terms of cultural background and educational status. As this study aims at exploring the association between socio-economic status (SES) and nutritional status of urbanised population, sampling was purposive. A total of 600 families (200 each from low, middle-and high-income groups) were recruited only from urban authorised residential areas of four districts of Karachi. Due to heterogeneity in cultural origin and length of migration, inclusion of slum dwellers could be a confounding factor and thus the slum dwellers were not included in this study.
Selection criteria.
The authors and data collectors belonged to the same city, they also had knowledge about the general income level of the residents of various localities and plot size was observed to be a feasible factor to recruit families of varying SES. Thus plot size was used as the primary variable for selection of families for each of the Socio-economic differences in height and BMIthree groups. However information about the family's monthly income and possession of household assets was also obtained to check the validity of using plot size as criteria for determining the SES of families. Information about housing and household possessions was used to develop an SES scale, and each family was assigned an SES score accordingly. Signi®cant differences in reported income and SES score of the three groups were expected.
In order to control the effect of variability in family composition, the stage of family life cycle was controlled. Childless families, families with married children and extended or joint families were not included in the study. Families with pregnant or lactating mothers and children less than 1 y of age were also excluded.
Recruitment procedure.
From each district approximately 10% of the urban-legal localities were selected randomly. As valid information regarding exact proportion could not be obtained, the proportion of families of varying SES recruited from various localities was not statistically controlled. However an attempt was made to have a balanced representation by recruiting at least two families of each income level from each selected locality. Within the selected localities the blocks of houses of a speci®c size were identi®ed. Data collectors visited these blocks, interviewed families. Families that ful®lled the selection criterion and were also willing to participate were recruited. The families were identi®ed through snowballing rather than statistical randomisation.
Data collection
Households were visited by trained data collectors and anthropometric measurements (height, weight, waist and hip circumference and mid-upper-arm circumference of 1 to 5-y-olds) of all the available members were taken. The results regarding differences in height and weight are presented in this paper. Height was measured with minimeter made by CMS Measuring Equipment (London). The minimeter was ®xed on a wall or wooden frame of the door, within the house of the respondents. The subject was asked to stand, without shoes against the wall with heels, buttocks and shoulders touching the wall. The head was kept in the Frankfort plane and measurement was noted in centimeters. The Soehnle digital scale was used for measuring weight. The subject was asked to stand on the scale without shoes in indoor clothing only. The weight was noted in kilograms.
Demographic information (age, education, place of birth, income and occupation of family members; cause of death of grandparents; and details of housing and household possessions) was taken from the housewives with the help of a questionnaire.
Data entry and analysis SPSS for windows, version 7.5 was used for data entry and analysis. For comparing differences in height, mean values for height in centimeters were used for adults. For 2 to 17-y-old children the mean of`height-for-age Z-scores' (HAZ) was calculated on the basis of NCHS reference values. A WHO sponsored software named`ANTHRO' was used for computation of Z-scores (CDC, 2000a (CDC, 2000b) . Children below the 5th percentile were termed underweight and those having BMI above the 95th percentile were termed overweight. Proportions of under-and overweight children (2 ± 18 y), younger adults (19 ± 40) and older adults (41 ± 60) in the three SES groups were compared.
Results
Demographic characteristics of the families
Socio-demographic characteristics of the families are presented in Table 1 . The three groups were different from Origin. The majority of the people living in Karachi are ®rst, second or third generation migrants either from India or other areas of Pakistan. Accordingly, in our sample most of the families originated (either the families themselves or their forefathers had migrated) either in other provinces of Pakistan or in India. The proportion of families of Indian origin was higher at the two upper income levels. Sixtyeight percent of the middle-and high-income group families and only 36% of low-income families reportedly originated from India. However differences in geographical origin of families were not manifested in the languages spoken at home. More than 70% of families from each SES group spoke only Urdu at home. Information regarding place of birth was used to determine rural or urban origin of families. Most of the parents at low-middle-and highincome level (82%, 95% and 97%, respectively) and almost all of the children (96%, 99.6% and 100% respectively) were born in urban areas.
Income and assets.
Reported income and SES score increased with SES. Mean years of schooling of all adult family members were signi®cantly lower (P 0.001) for the low-income group as compared to the two higher income groups; however the difference between the two upper income groups did not reach statistical signi®cance.
Occupation and education.
The modal profession for fathers belonging to low-and middle-income groups was of®ce work, and business for those belonging to the highincome group. The proportion of working mothers was lowest in the middle-income group and highest in the lowincome group.
Family size. The mean number of children was slightly lower at upper-income levels. The average number of Figure 1 (a) Socio economic differences in the prevalence of overweight (BMI values above 95th percentile for age from NHANES III for 2 to 18-y-olds and BMI b 25 for adults) among male subjects of different ages. *w 2 11.067, d.f.2, P 0.004; (b) Socio economic differences in the prevalence of overweight (BMI values above 95th percentile for age from NHANES III for 2 to 18-y-olds and BMI b 25 for adults) among female subjects of different ages. *Difference statistically signi®cant: w 2 6l064, d.f.2, P 0.048.
Socio-economic differences in height and BMI R Hakeem children in the low-, middle-and high-income groups was 2.91, 2.80 and 2.57, respectively. Parents and children from low-income groups were relatively young as compared to high-and middle-income groups. This phenomenon of higher proportion of younger families among lower income groups has been noticed in other urban areas (Mbago & Namfua, 1991) . The purpose of this study was to study inter-group differences in three distinct socio-economic groups, and to explore the effect of any speci®c socio demographic factor was not the focus of this study. Therefore the abovementioned differences in the demographic characteristics of the three groups are not considered to be confounding factors.
SES and anthropometrically assessed nutritional status SES and height. In general both height and weight were found to be affected by SES (see Table 2 ). Controlling for age and sex, the association between SES and height was signi®cant (Spearman's r 0.1678, n 2353, P`0.001).
A positive association between linear growth of children and income level of families has been reported from a number of countries (Cedraz & Carvalho, 1990; Quinn et al, 1995; Helmert et al, 1997; Nelson & Naismith 1979; Miller & Korenman, 1994) . Controlling for age, sex and height, the association between SES and weight was relatively weak but signi®cant (Spearman's r 0.0531, n 2353, P 0.010). De®cit in height has also been found to be more profoundly associated with income level than the differences in bodyweight in Bangladesh (Bairagi & Chowdhury, 1994) and Brazil (Cedraz & Carvalho, 1990) .
SES and weight. The association between SES and height was positive in all age ± sex subgroups, while the association between SES and weight status was not similar in all age ± sex subgroups. Figures 1 and 2 show the prevalence of underweight and overweight among males and females of different ages. At all income levels, the relative proportion of overweight males and females increased with age. However due to differences in the rates of increase, the pattern of association between SES and prevalence of under-or overweight was not exactly the same in various age ± sex groups. Among female adults, at younger ages (19 ± 41) the proportion of overweight decreased with increasing income, whereas among older females (41 ± Figure 2 (a) Socio economic differences in the prevalence of underweight (BMI values below 5th percentile for age from NHANES III for 2 to 18-y-olds and BMI`18.5 for adults) among male subjects of different ages. *Difference statisticaly signi®cant: w 2 7.397, d.f.2, P 0.025. (b) Differences in the prevalence of underweight (BMI values below 5th percentile for age from NHANES III for 2 to 18-y-olds and BMI`18.5 for adults) among female subjects of different ages. 60) the prevalence of overweight increased signi®cantly with the income level. Differences in the association between BMI and income among various groups have also been noticed in Brazil (Monteiro et al, 1995) .
Discussion
Within speci®c age ± sex groups, the prevalence of bilateral nutritional problems could be seen both at low-and middleincome levels. Among 2 to 18-y-old females both overweight and underweight is prevalent to a greater extent at the middle-income level than that among the two other income groups. Among 19 to 40-y-old females the prevalence of both underweight and overweight is highest at the lowest income level. However at the household level the burden of urban malnutrition is seen most often among low-income families (Table 3) .
Among males vulnerability to undernutrition does not seem to decrease with age for all income groups. While the 2 to 18-y-old, middle-income males have the highest rates of overweight, the 19 to 40-y-old males from the same income group have the highest rates of underweight. In terms of chronic energy de®ciency these young males need at least as much (if not more) attention as children.
The nutrition situation in rapidly urbanising cities is likely to be too complex for simple generalisation regarding vulnerability of typical age ± sex-income groups. All the three income groups need to consider taking active measures to prevent both undernutrition among children and young adults, and obesity during late adulthood. The prevalence of acute undernutrition among middle-income, younger adult males needs to be investigated further. In terms of the prevalence of acute undernutrition, the highincome 2 to 18-y-old females are not signi®cantly better than their less af¯uent counterparts. The reasons for this need to be explored. The results of this study show the presence of varying income ± nutrition associations among different age ± sex groups, and indicate a need for more comprehensive nutritional surveillance in cities.
